I
n type II odontoid fractures, nonoperative management involving immobilization in a rigid brace or a halo vest is associated with high rates of morbidity and failure. Several surgical stabilization options have been proposed, including direct anterior odontoid screw fixation (AOSF). This procedure provides immediate stability and is associated with high fusion rates and preservation of cervical rotation. [1] [2] [3] [4] [5] [6] [7] However, AOSF should be avoided in patients with osteoporosis, comminution, severe angulation, or displacement. 1, 6, 8 Moreover, AOSF is associated with several complications, including malpositioning, fixation loss, screw breakage, and screw pull-out from the C2 body. The latter is the most common complication of AOSF. 9, 10 We recently reported a case of screw pull-out from the C2 body, 11 which occurred despite following the detailed and well-illustrated technical description of the AOSF procedure by Apfelbaum et al. 10 To identify the cause of this complication after experiencing another pull-out, we retrospectively reviewed the entire procedure followed in our patients who underwent this AOSF method. As a result of this analysis, which is reported in our present study, we have slightly modified the standard technique with the aim of immediately obtaining strong stability and avoiding C2-3 disc injury. Here, we discuss the advantages of our modified technique.
METHODS Study Design and Patient Enrollment
This retrospective cohort study consisted of all consecutive patients with type II or rostral shallow type III odontoid fracture who were treated with AOSF (first the standard and then the modified procedure) between March 2005 and October 2013. All patients were followed up for at least 14 months (14-42 months). Their baseline demographic and clinical characteristics were extracted from medical records.
Standard Guide Tube AOSF Procedure
The standard procedure was performed as described and illustrated by Apfelbaum et al. 10 Briefly, the patient was placed supine on the operating table and positioned to orient the odontoid fracture so that optimum reduction could be achieved. The patient's mouth was kept open with a radiolucent jaw distractor. After transverse incision at the C5 level, blunt dissection in the retropharyngeal space was used to open a tunnel in front of the vertebral body to the C2 level. The guide tube was then impacted a few millimeters into the body of C2, under biplanar fluoroscopic guidance. Our 1 modification from the procedure described by Apfelbaum et al 10 was that we did not use a hollow 8-mm drill to make a groove in the face of the C3 body and the C2-3 disc annulus; this step was omitted because we wanted to avoid C2-3 disc injury. Instead, we directly inserted the guide tube and anchored it at the anterior inferior corner of the C2 vertebra ( Figure 1 ). Once the guide tube was secured, an electric K-wire was inserted to cross the fracture gap under biplanar fluoroscopic guidance. The path over the K-wire was then drilled and tapped. After removing the guide tube, we inserted a lag screw.
Modified (Straight Probe) AOSF Procedure
The 2 cases of screw pull-out with the standard guide tube AOSF procedure prompted us to modify this technique. We excluded the guide tube from our modified method and instead started to use a straight pedicle probe ( Figure 2 ). The position of the patient and soft tissue dissection was the same as in the previous method. To protect the retropharyngeal structures, gentle superior directional retraction of the soft tissue was done with 2 narrow and down-curved retractors of 70 mm length and 14 mm width. A small pilot hole was then made on the most anterior side of the inferior endplate with a 1.8-mm high-speed burr ( Figure 3A) . Thereafter, we inserted a 2.5-mm straight probe that is usually used for subaxial cervical pedicle screw insertion 12, 13 through the C2 body under biplanar fluoroscopic guidance until the straight probe tip touched the odontoid tip ( Figure 3B ). After removing the straight probe, the drill bit was used to penetrate the cortex of the odontoid tip ( Figure 3C ). After identifying the penetrating odontoid tip with a ball tip probe, the drilled hole was then tapped by removing the drill bit and a lag screw was inserted.
Postoperative Variables
During follow-up, all patients were assessed for radiological fusion, which was defined as the radiological presence of trabeculae crossing the fracture site, the absence of fracture motion on flexion-extension films, and anatomic alignment of the fracture fragment during follow-up. 10, 14, 15 The screw direction angle was also determined (Figure 4 ). In addition, clinically significant neck pain was assessed in all patients.
Statistics
The patients who were treated with the standard (guide tube) and modified (straight probe) AOSF procedures were compared in terms of baseline and preoperative clinical variables by Fisher's exact test and Student's t test. P values less than 0.05 were considered to indicate statistical significance. Note that because the C3 vertebra and C2-3 disc are not rimmed, the bulky edge of the guide tube makes it difficult to guide the tip directly into the superior odontoid tip.
RESULTS

Outcomes of Standard Guide Tube AOSF
The standard guide tube AOSF method was used in 13 patients. The baseline characteristics of these patients are presented in Table 1 . The patients were on average 47.5 (range: 19-77) years old with males predominating (10 males, 3 females). Most cases (n ¼ 9) had a posterior down fracture direction and 1 patient exhibited displacement (<2 mm). A single screw was used in all cases but 1. The mean screw direction angle was 54.8 AE 3.82 (range, 48-60) degrees. One patient exhibited non-union after AOSF. The 77-year-old male patient showed non-union on flexionextension images, but there was no neck pain. In addition, there were 2 cases of screw pull-out, 1 of which has already been described. 11 This 27-year-old woman with a type II odontoid fracture exhibited radiographic union at the fracture site 3 months after guide tube AOSF surgery. 11 Three years later, she presented with a 2-month history of dysphagia. Laryngoscopy and plain radiography revealed pharyngeal extrusion of the screw. We speculate that the starting point of the screw may have been incorrectly anterior in this case; this may have caused the screw to take a superficial trajectory, which led later to screw extrusion. 11 Thereafter, a second case of screw pull-out occurred. This occurred in a 63-year-old man who presented with neck pain that had developed 7 hours previously. CT showed the presence of an anterior down oblique and rostral shallow type III odontoid fracture ( Figure 5A ). There was no neurological deficit. Guide tube AOSF was performed the following day with double screws. In the immediate postoperative period, a lateral X-ray showed that the direction angle was 57 degrees and that the starting point was also incorrectly anterior ( Figure 5B ). At 8 postoperative months, an X-ray revealed that the fracture was collapsing and that the screws were backing out and cutting out of the anterior cortex of C2 with serious neck pain development ( Figure 5C ). Thus, the patient underwent posterior surgery again, which resulted in reduction ( Figure 5D ).
Outcomes of the Modified AOSF Procedure
Eight of our current study patients were treated using the straight probe AOSF method. The baseline characteristics of these patients are listed in Table 1 . These patients were on average 56.5 (range, 36-73) years old and males again predominated (7 males, 1 female). All of these cases had a horizontal fracture direction. The straight probe group differed significantly from the guide tube group in terms of fracture direction (P ¼ 0.001). The straight probe group was also significantly more likely to exhibit displacement (<2 mm; P ¼ 0.047). A single screw was used in all patients. The mean screw direction angle was 60.5 AE 4.63 (range, 53-67) degrees. The straight probe group had a significantly larger direction angle than the guide tube group (P ¼ 0.047). All patients exhibited solid fusion. There were no pull-outs or other complications and no patient complained of significant neck pain during follow-up.
DISCUSSION
Our present study findings indicate that the guide tube AOSF method, in which rimming of the C3 body and C2-3 disc annulus was omitted to prevent bone and disc injury and the guide tube was anchored at the anterior inferior corner of the C2 vertebra, has a high rate of instrument failure. Our current case analysis revealed that this method yielded a relatively small mean direction angle of 54.8 AE 3.82 degrees because the most inferior side of the anterior wall of the C2 vertebra was being used as the screw starting point. A previous anatomical study has shown that the optimal direction angle in AOSF is more than 60 degrees. Comparison of guide tube and straight probe anterior odontoid screw fixation. A, To anchor the bulky tipped guide tube at the inferior endplate of the C2 vertebra, rimming of the C3 vertebrae and C2-3 disc is necessary. B, To insert the 2.5-mm tipped straight probe into the inferior endplate of the C2 vertebra, disc or bone rimming is not necessary.
It is for this reason that the original AOSF method of Apfelbaum et al
10 entails rimming of the superior anterior portion of the third cervical vertebra, as it provides room for the guide tube and allows correct positioning of the screw starting point, which in turn generates a sufficiently large angle. 16 Although 1 previous study has suggested that rimming might not be necessary in patients whose odontoid screw angle was less than 63.87 degrees, we believe that this result was because X-ray images of a normal volunteer were used without considering the anchoring of bulky guide tubes in the real surgical field. 17 The possible cause of instrument failure after AOSF was reviewed in our present series. We had previously adapted the method of Apfelbaum et al 10 by omitting groove formation on the face of the C3 body and the C2-3 disc annulus to avoid C2-3 disc injury. This meant that the starting point of the screw was no longer on the most anterior side of the inferior endplate of C2. After reviewing patients with standard AOSF, we realized that we had used the most inferior side of the anterior wall of the C2 vertebra as the starting point. This starting point meant that the screw could not The data were presented as numbers or mean with ranges. P values were generated by Chi-squared test or Student's t test.
proceed toward the superior tip of the odontoid process; instead, it proceeded to the posterior wall of the odontoid process. A screw that is directed toward the superior tip of the odontoid process is likely to have good fixation power due to sufficient engagement of the fractured segment. A screw that is directed toward the posterior wall of the odontoid process is likely to have less fixation power. In addition, a screw that proceeds toward the superior tip of the odontoid process after using the most inferior side of the anterior wall of the C2 vertebra as the starting point cannot be inserted deeply into the C2 body, as the thickness in front of the screw will be insufficient. In addition to screw direction, the other possible causes of AOSF failure include the following: the starting point in the thin shell of the anterior bone of the distal ventral portion of C2 was unable to tolerate extension forces; a short screw was used that did not reach the odontoid tip; the threads of the screw did not cross the fracture line and therefore the screw could not exert compression forces at the fracture site; and multiple drilling attempts during screw insertion further compromised the bone integrity at the site of the screw head. Collapse of the fracture can result in the failure of AOSF, as in 1 of our patients ( Figure 5 ). The partially threaded screw is designed to back out with fracture collapse to provide the desired compression at the fracture site. This back out combined with neck extension likely led to the failure of the anterior C2 cortex.
We thus modified the AOSF procedure further by omitting the guide tube altogether and instead making a pilot hole on the most anterior side of the inferior endplate followed by insertion of a straight probe through the C2 body. This method proved to be easy and simple, and the small diameter of the probe tip obviated the need to injure the C2-3 disc annulus. The shorter length of the straight probe compared with the guide tube also meant that a larger direction angle that was less disturbed by the sternum could be achieved. Indeed, analysis of the 8 cases treated with the straight probe method revealed a significantly higher direction angle than that achieved with the guide tube method (60.5 AE 4.63 vs. 54.8 AE 3.82 degrees; P ¼ 0.047). Complications were also not observed during follow-up. In addition, we believe that more proper starting point despite of higher direction angle achievement, through the use of straight probe without guide tube, led us to preserve thicker anterior wall of C2 body.
One of the reasons the guide tube is used is to avoid injury to the soft tissue structures in the neck. Because the electric K-wire insertion method increases the risk of soft tissue injury, the guide tube should be used to protect the surrounding tissues. However, slow insertion of a straight pedicle probe does not cause vibrational damage to the surrounding structure. Thus, we could omit the guide tube from our surgical procedure without being concerned about soft tissue damage.
The K-wire enables us to ensure that the screw engages the appropriate path in the upper fractured fragment. Instead of the K-wire, our straight probe insertion through the bone and across the fracture line could require significant force in the delicate upper cervical spine or worsen the distraction of the fracture line. Thus, we recommend that excessive force to cross the fracture gap be avoided and that the straight probe insertion be carefully performed under fluoroscopic guidance. We also believe that use of a drill to penetrate the distal cortex minimizes concerns about excess force. In addition, the drill may sometimes be helpful to cross the fracture gap and a K-wire could be placed after creating a tract with the straight pedicle probe and a cannulated screw placed over the K-wire.
Previous studies have shown that fracture orientation influences the success of AOSF 18, 19 : posterior down oblique fractures appear to be the best indication for this procedure, although horizontal or anterior oblique fractures may be attempted. We believe that horizontal or anterior oblique fractures will require much larger direction angles to ensure sufficient engagement. In our present study, we could achieve successful result, although all 8 straight probe group patients had horizontally oriented fractures. In contrast, 9 of our 13 guide tube group patients had posterior down oblique fractures, we experienced 3 cases with unfavorable outcome. However, the small number of patients in our present analysis means that the risk factors for AOSF failure could not be determined.
CONCLUSION
AOSF with the straight probe and without the guide tube yields significantly larger direction angles without injuring the bone and disc and more proper starting point. Sufficient engagement is achieved and complications are not seen, even though all cases that were treated with this method had horizontal fracture orientations, which are harder to treat with AOSF. Further studies with more cases and longer follow-up periods are needed to confirm the good performance of our straight probe AOSF method.
Key Points
The mean screw-direction angle was 54.8 AE 3.82 degrees in standard guide-tube AOSF. The mean screw-direction angle of straight-probe group was 60.5 AE 4.63 degrees, which was significantly larger than the guide-tube group (P ¼ 0.047). AOSF with the straight probe and without the guide tube yielded significantly larger direction angles without having to injure the bone and disc despite it was easier and simple procedure.
